TRCHNZCAY NOTES,
NATIONAL ADVISORY COMMITTEE FOR ARRONAUTIOS.

Noul7.

By

. Enight, Technicel Assistant in Burape,
Paris Office, N.A.C.A.

- November, 1520
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IT, FRENCH EXPFRIMENTS ON WIND .

By

Wm. Enight, Technical Assistant in Europs,
Paris Office, NleC.A'

The National Advisory Coomittes for Aeronautics submits the fol-
lowing report, which is the result of a spscial analysis of the meas-
urements and the investigations of various models of wind tunnels in
Europe, made by Mr. William Enight, now Technicdal Assistant in Europe
to the National Advisory Comnittee for Asronautica. This report was
presented by Mr. Knight in 1918 to Dr, W. F. Duramd, then Scientific
Attaché to the American Bmbassy, Paris, Francs.

Costanzi's Experiments.

The expsriments mads by Eiffel in Rhis laboratory at Auteuil in
the asrodynamical tunnel designed by him induced Colonel Costanzi of
i the Italian Army to start twt series of experiments at the "Instituto
Centrale Aeronautico®™ at Rome, with 2 view of determining:

lst - What was the influence of the surrounding building
in which the tunnel was installsd on the sfficiency
of the installation, and

2nd - How the efficiency of the installation was affected '
by the design of the tummsl.

The models of tummels used both in the first and in the second
series of experiments were made out of a cylindrical chamber connected
at one end to & nozzle and at the other end to a diffuser, the shape
and-dimensions being as shown in Pig. 1.

A 24 blade air-screw driven by a 2 HP D.C. slsctric motor supplied
the air current, the velocity of which was measured in every case in
the cylindrical chamber with a Krell snemometer. A dynamometer insert-
ed in the axis of rotation betwsen the motor and ths air-screw measwed
the torque absorbed by the propeller for any correspruding velocity of
" the air current as registered by the anemometer. The speed of the motor

varied betwsen 250 and 3200 R.P.M, Colonel Costanzi in "Rendiconti
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delle esperienz o e degli studi eseguiti nello stabilimento d4i Exper-
jenze e Costruzioni Aeronsutiche del Genio - Fase. 3° Vol. II* gives
the velocity of the air in the restricted section of the tunnel in
meters per secoond for each experiment performed, the speed of the mp tor
in r.p.m. and the powsr absorbed by the dynamometer in kilogrammeters.
The results are presented in 21 Tables {one for sach sxperiment per=~
formed) and 6 diagrams.

In order to facilitate the camparison of the resulte obtained, I
have arranged differently the experimental data presented by Colonel
Costanzi. Instead of giving the work absorbed by the dynsmometer, the

ratio g_ = /A, was calculated in every case.
m
P, is the snergy possessed by the ailr in the restricted. section
of the tunnel where the velocity is measured.

2
Py =Yy~
T2
where:
Tr g2 . 3 <)

M=-L8 xvx
4 2g

o
]

diameter of tunnel whers the air velocity is measured.

<
]

velocity of the air in the section of the tunnel having a
diameter 4.

& = density of the air at 15° temp. and 30" barcmetric pressure .

g = acceleration due to gravity.

P is the technical energy absorbed by the dynemcmeter for pro-
ducing an air current of the velocity ¥ in the section 4 of the
tunnsl and is expressed in ths same units as Pu‘

P = Py is the efficiency of the installation.
Fu
In Tables I and II are given the values of /<, calculated for the
24 groups of experiments performed by Colonel Costanzi.

In Table I are tabulated the results of the first series of 11
experiments made for determining the influence of the surrounding
building on the mechanical efficiency of an aerodynamical tunnel open
at both ends. For these experiments, two models of tunnels having
the dimensions shown in Fig. 1 were used. The models were made out of
wood polished inside so as to reduces as much as possible the windage
losses, and were inclosed in a model building of the dimensions given
in Fig. 1.
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Three different models of buildings were used for these experi-
ments and they were 3ll made with the end doors end the roof remova-—
ble, 80 as to allow the measurement of ths power absorbed by the dyna-
momater for producing an air current of a desired velocity, whem the
intake and outlet of the air was takling place either inte the closed
atmosphere of the building or into the open air. 4 ramovable diapbragm
could be placed inside of building Wo. 1 normal to the axis of the
tunnel, all around the restricted section where the air velocity was
megsured. This diaphragm when it was in place prevented the circu-
lation of the air from ons exmd to the other inside of the building.

In Table II ars given the valuss of A2 ¢ for 13 groups of experi-
ments nade for determining the influence of the design of the nozzle
and the diffuser and the location of the air-screw on the efficiency
of the installation. In Fig. 2 are given the dimensions of the models
experimented upon in each case. .

The conclusion to be drawn from the first serles of experiments are:

1. If ths roof and the doors of ths building ars closed, the
values of ,0 . as obtained under these conditions are about ome half
of the corresponding values of Fad p 88 obtained with the end docors open
(see experiments Nos. 1 end 4).

2. The opening of either the inlet door or the outlet door, the
addition of a diaphragm in the middle of the hall all arcund the tun-
nel, such as to prevent the air from circulating from an end to the
other inside of the building, the opening of ths roof, and the increase
in size of ths building, havs nc appreciadble influence on the values
of O & which will be only slightly larger than when the doors are
closed "and the roof is in placs.

3. The efficiency of a tunnel having the nozzle and the diffuser
xade out of parabolic surfaces is about one half the efficiency of a
tunnel of equal dimemsions with straight comical inlet and ocutlet, op-
erating under the same conditions.

The conclusions tkat can be drawn from the second series of exper-
iments arse: ’

1. The extension cf the diffuser back of the air-screw increases
the values of /o %

. 2. ir tlfle diffuser is entirely taken off, the efficiency of the
installation is practically equal to the efficiency of ©O, the air-screw.

3. A cylindrical extension of the diffuser right back of the air-
screw has the tendency to decrease the valus of %

4. If both the nozzle and the diffuser are connected at the
Small?r end to a cylindrical chamber having a diamster double the small-
est diameter of the nozzle and the diffuser, the value of O & is

g;ozzdﬁ) ‘smaller than if the diameters were the same (see experiments
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5. A slight discontinuity over the length of the experimental
chamber (cylindrical portion of the tumnel) decreases only slightly
the value of O, (see experiments 23 and 24),

6. The increase of the ratio of the diameters at the outlet and at
the inlet of the diffuser fram 1.7 to 4.2 produces a decreass of O t
of about 60% (see experiments 16 and 21).

Castellazzi's Experiments.

A third series of experiments waag performed later on by Lisut.
Castellazzi of the Italian Army (see "Rendiconti dell' Istituto Cen-
trale Aeronautico, Anno VII, 1917) for determining the most efficient
design of a tunnel of the Crocco typs. In Fig. 3 are given ths di-
mensions of six models of tunnels on which seven series of experiments
were performed. Also in this case I have calculated the values of O
for each corresponding velocity of the air in the experimental cham-
ber, 14-3/16" diameter, and the valuss obtained are tabulated in Table
I1I.

The conclusions that can be drawn from these experiments are:

1. The extension of the diffuser behind the air-screw produces
an increass of pore

2. A decrease in length of the cylindrical chamber increases the

3. The shape of the section of the ducts for the return of the
air bas no appreciable influence on the valus of /3 e

4. A slight interruption over the length of the experimental
chamber decreases only slightly the valus of y-2e

5. The opening of the door on "a" conmunicating to fhe outside
Produces a large drop in the valus of 74

Comparing the results obtained from Costanzi's experiments and the
results of Castellazzi's experiments we may counclude that:

1. The efficiency of a tumnel of the Crocco type is larger than
the efficiency of an Eiffel tunnel of the sams dimensions (see Costanzi
No. 21 and Castellazzi No. 1). The efficiency of the Eiffel tumnel at
Auteuil at a maximun wind speed of 104 feet per second is A, = 1,37
and the power nesded is 84.5 HP; while the efficisncy of the C(rocco tun-~
nel at Rome at a maximun wind speed of 165 feet per second is O = 2.8
and the powsr absorbed is 113 HP. At a wind speed of 104 feet per
second. the Crocco tunnel gives A, = 2.65 and the corresponding horse
power supplied by the motor is onl¥ 28 EHP.

2. A tumnel of the Crocco type hes the great advantage of making
possible its installation in a small building, the dimensions of the
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building having no influsnce at all on the value of /‘ot, which, in the
case of an Eiffel tunnel, is greatly influenced by the sidss of the
surrounding building. Another advantage of the Crocco tunnel is to be
found in the posasibility of controlling the temperature and the humid-
ity of the air and in the elimination of the disturbing actiom of the
wind at the sntrance of the nozzle and at the outlet of the diffuser.

Meodel No. ¢ of Castellazzi's experiments was adopted for the in-
stallation of the tunnel at the "Istituto Centrals Aeronautico, Rama.®
Ancther series of experiments was started next for determining the
nurber and the width of blades of the air-screw which would give the
best results. In the final installation of the "Istituto Centrale"
sight propellers,.23-5/8% diameter, were tested in tumel No. 4. In
Table No. VII are given the values of ’Ot calculated in the same way
as before and the r.p.m. of the driving moter for every corresponding
wind velocity in the section 14-1/8" diameter, are also given. For the
final installation, a N.P.L. type of propeller with seventsen blades
was adopted. In Fig. No. 4 are shown the main dimensions of that in-
stallation, and in Table No. IV ars tabulated the motor horse-powsr
and the r.p.m. for corresponding velocities of the air in the cylin-
drical chamber, as obtained from test.

The sfficiency of the propelleor was calculated by measuring the air
Pressure right in front and icmadiately behind the propeller. No de-
tails are given in the publication of the test results about the ar-
rangement adopted for measuring exactly these pressures. The values
given for the efficiency of the propeller seem to be too largs. The
values of .0, were calculated also in this case and, in addition, the
values of O p 2Te given in the last colum of Table IV. (LQyp =

Pt
Py

» where O_ is the efficiency of the air-screw. )

Eiffel's_BExperiments.

Recently another series of experiments was started by Eiffel in

his laboratory at Auteuil on 34 models of tumnels of different dimen-
sipns as shown in Fig. 5.

The nozzle of each model was taking the air from the experimental
chamber of the Eiffel installation where a depression of 51.5 milli-~
meters of water was produced by starting the air-screw of the large
turmel. The depression H = 51.5 mm. at the nozzle of the model testad
Produced a current of air through the model of tunnel where the air
depression h was measured at the eylindrical section. The efficien-
¢y of each medel O, = % is given in Tabtle V. RKnowing h amd Sy

I have calculatsd the velocity of the air in the cylindrical section

of gach model: V= \/2ghd where "d" is the ratio of ths specific

weight of the water used in the barometer on which h was measured
and the specific weight of the air, and is: 4 = 800, giving V =
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V 2x9.81 x Py x -051, 5z 800; the values of V are tabulated
in Table V,

This series of experiments was started by miffel in order to find
out if, by changing the shape of the nozzle or of the diffuser of the
large tunnel at Auteuil, the efficiency of the installation cowld
be improved.

The conclusions arrived at by Eiffel are:

1. The largest valus of A0, with the models tested has been od-
tained with = nozzle at 35° and a diffuser at 7°, the largest diameter
of both the nozzle and the diffuser being 3 times the diameter of the
cylindrical chamber (se2 experiment No. 25, Py = 5.67).

2. The largest valus of /0.0 , when the largest diameter of both
the nozzle and the diffuser is double the diameter of the _cylindri-
cal chamber, is cbtained with & nozzle at either 35° or 22° and a dif-
fuser at 7° (see experiments 1 and 17, O, = 4.08).

3. If the largest diameter of the nozzle is 3 times the diameter
of the cylindrical chamber, and the largest diameter of the diffuser
is twice the diameter of the cylindrical chamber, the 1argest value of
A3 is obtained with a nozzle at 22° and a diffuser at 7° (see experi-
-ment No. 5, O p= 4.48). If the angle of the nozzle is 35 instead
of 229, the vals of 'Ob does not change bz any appreciable amoun
(see experiment No. 24, P = 4.38). :

At the Biffsl laboratory was also recently investigated a model of
tuwnnel to be installed at the works of Sauter-Harle, Paris.

The dimensions of the model tested and the results of the testis
made (experiments 35 to 38) are shown in the picture on top of Tabls V
(a) and in Table V (a), respectively.

The value of A _ as obtained from these expsriments is more than
twice the valus of o'y as obtained in the large Eiffel tunnel at
Auteuil.

I have been present at the test of the fimal installation at the
Sauter-Harlé works of the tunnel designed by Eiffel.

Dus to a great limitstion of available room the intake and outlet
of the air could not taks place into ths open atmosphers. :

The air circulation is ostablished through a room right sbove the
tunnel, and the prevailing conditions are not such as to insure 2 steady
flow of the air into the experimental chamber of the tumnel.

In spite of all the unfavorable conditions under which the in-
stallation was made, the maeximun velocity attained by the air in the
cylindrical section of the tunnel is 190 feet per second with a 100 HP
A.C. variable speed motor, 360 to 1200 R.P.%., driving a 6 blade air-
screw. The value of L, corresponding to 100 HP and 160 feet second
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alr velocity is 1.85 which is 35% larger tban the value of A, as
obtained with the Eiffel installation at Autsuil for a wind spesd of
104 feet per second.

LOSSES IN A TUNNEL.

If no losses dus to windage or to other causes ware to be found
in an aerodynamical tunnel kaving a diameter D at the entrancs of
the nozzle and at the outlet of the diffuser, snd & diameter d at
the cylindrical section, we would bave:

[}

Py = (-3

d

If g = 2 we would have: ’Oh = 16. Canparing this figure with the

valuss of /Ob as obtained frap Eiffel experiments, we cen appreciate
the magnitude of the losses.,

In Fig. 6 are given a fow formulae derived by Eiffel for calcu-
lating the losses in an asrodynamical tunnel (see "Note sur le calcul
des coefficients d'utilisation des buses powr souffleries aercdynamigmes
systeme G Eiffel.®) . The coefficient of friction of ths air on amooth
surfaces: K, is calculated according Yo Fritzsche's formula which I
have expressed graphically in Fig, 7.

Applying the formula given to two models tested by Eiffel (experi-
ments 1 and 8) the calculated valuss of /2y are: 4,97 and 3.68, re-
spectively, instead of 4.08 and 3.57 as obtgined. fron test.

In order to compare the results obtained by Costanzi to the results
obtained by Eiffel I have calculated ;Ob for the two models Nos. 21
and 2¢ experimsnted upon by Costanzi, by applying the Eiffel formula
(see Table VI), and I have caleylated the efficiency of the air-screw:

Lo, = _/gﬁ_ for wind spesde in the cylindridal section of the tumel
b

between 20 and 82 feet per socond.

I have plotted in Fig. 6 the values thus obtained end I have taken
the curve shown in Fig. 6 as being the efficiency curve of the air-screw
used by Costanzi and Castallazzi in all the experiments mads.

With the values of /7 thus obtained and the values of A _ given
in Table IT and Table III the valuse of O, given in Table IV wire cal-
culated and the results plotted in Fig. 8. In the same way, the values
of O as obtained directly by Eiffel in his experiments, (sse Table V)
were plotted in Fig. 9.
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We cen ses from Fig. 8 that for each model the genefal tendency is

to have O decreasing slightly as the velocity of the air increases.
These resulgs are contrary to the rssults of other experiments made

by Eiffel and to the results obtained by applying the formula given by
Fig. 6, according to which the values of ,O. increase slightly as the
velocity of the air increases, Experience has shown that the effici-
ency of large tunnels is larger than the efficiemcy of the reduced size

models used for experimental purposes.

Eiffel suggests that a valus /< = 3.25 can be anticipated for e
well designed tunnel of large d.imens.*fons.
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